Synthesis of Panax Acetylenes: Chiral Syntheses of Acetylpanaxydol, PQ-3 and Panaxydiol
. Next, we attemped the separation of the diastereomeric mixtures (3a, b) using CHIRAZYME (Boehringer Mannheim Corp., Indianapolis, IN, U.S.A.) catalyzed acetylation and hydrolysis procedures. 7) Treatment of 3a and 3b with vinyl acetate in the presence of CHIRAZYME L-2, C3 (Boehringer Mannheim Corp., Indianapolis, IN, U.S.A.) gave the mixtures of acetates (3a-Ac, 3b-Ac) and unreacted alcohols (3a؆, b؆), respectively, which were separated by high performance liquid chromatography (HPLC). The acetates (3a-Ac, 3b-Ac) were hydrolyzed with CHIRAZYME L-2, C2 (Boehringer Mannheim Corp., Indianapolis, IN, U.S.A.) and phosphate buffer (pH 7.4) to give the alcohols (3a, b), respectively (Chart 2). 8) In order to determine the absolute configurations at C-3 by application of the modified Mosher method, 9) the alcohols (3a, a؆ and 3b, b؆) were converted into their (R)-and (S)-a-methoxy-a-(trifluoromethyl)phenylacetyl (MTPA) esters, respectively. The optical purities of the alcohols (3a, a؆ and 3b, b؆) were more than 99%, respectively, which were estimated on the basis of the 1 H-NMR spectra of their MTPA esters. The above results showed that only the alcohol (3a, b) having R-configuration were enantioselectively acetylated by the action of CHIRAZYME and vinyl acetate. As shown in Table 1 , the signals due to H 2 -1 and H-2 of 3a-(R)-and 3b-(R)-MTPA esters appeared at higher fields than those of 3a-(S)-and 3b-(S)-MTPA esters, respectively, thereby suggesting the stereochemistry at C-3 of 3a and 3b to be R-configuration. On the other hand, the signals due to H 2 -1 and H-2 of 3a؆-(R)-and 3b؆-(R)-MTPA esters appeared at lower fields than those of 3a؆-(S)-and 3b؆-(S)-MTPA esters, respectively. Thus, the absolute configuration at C-3 of 3a؆ and 3b؆ could both be assigned as S-configurations.
Furthermore, the absolute configurations at C-10 of 3a, 3a؆ and 3b, 3b؆ were also determined to be 10S for 3a, 3a؆ and 10R for 3b, 3b؆, respectively, by comparison of the NMR data of their MTPA esters ( Table 1) . As shown in Tables 1 and 2, comparison of the spectral data of MTPA esters and the optical rotation value of natural panaxydiol (3) with those of synthetic ones indicated that the absolute configuration of 3 could be concluded to be 3R, 10S. Similarly, the diastereomeric mixtures (1a, b) at C-3 of panaxydol were separated into 3R-isomers (1a, b) and 3S-isomers (1a؆, b؆) through CHIRAZYME catalyzed acetylation and hydrolysis procedures. Comparison of the optical rotation value of acetylpanaxydol with those of synthetic acetylpanaxydols (1a-Ac, 1b-Ac, 1a؆-Ac, 1b؆-Ac) indicated that the absolute stereostructure of acetylpanaxydol should be 3R, 9R, 10S (Table 2) .
Further studies on the synthesis of Panax acetylenes are now in progress.
Experimental
The 1 H-and 13 C-NMR spectra were measured on a JEOL JNM-EX90 and a JEOL JNM-a500 spectrometer in CDCl 3 containing tetramethylsilane (TMS) as an internal standard. The mass spectra were recorded on a JEOL JMS-D 300 instrument. Waco-gel (C-300) was used for column chromatography. The optical rotations were measured on a JASCO DIP-370 polarimeter. Senshu pack (PEGASIL Silica 60-5, 10fϫ250 mm) column was used for HPLC.
Diastereomeric Mixture (1a, b) at C-3 of Panaxydol n-Buli (1.60 mmol/ml) in hexane [400 ml (0.64 mmol)] was added dropwise to a stirred solution of 4a or 4b (98.6 mg, 0.48 mmol) in THF (2 ml) at Ϫ78°C. After 30 min, acrolein (100 ml) was added and stirring was continued for 3 h at the same temperature. The reaction mixture was quenched with saturated NH 4 Cl solution (1.0 ml) and then extracted with AcOEt (20 mlϫ2). The organic layer was washed with brine (10 mlϫ2), dried over MgSO 4 and concentrated under reduced pressure to leave an oil which was purified by HPLC (hexane : AcOEtϭ7 : 1) to give 1a or 1b (54. After 30 min, acrolein (100 ml) was added and stirring was continued for 3 h at the same temperature. The reaction mixture was quenched with saturated NH 4 Cl solution (2.0 ml) and then extracted with AcOEt (20 mlϫ2). The organic layer was washed with brine (10 mlϫ2), dried over MgSO 4 and concentrated under reduced pressure to leave an oil, which was purified on a HPLC (hexane : AcOEtϭ5 : 1) to give 3a or 3b (72. 3 Hydrolysis of 1a-Ac or 1b-Ac with Lipase (CHIRAZYME L-2, C2) Compound 1a-Ac or 1b-Ac (15 mg, 0.22 mmol) was dissolved in 0.5 ml of acetone and 4.5 ml of pH 7.4 phosphate buffer, and then lipase (CHI-RAZYME L-2, C2, 50 mg) was added. The reaction mixture was stirred overnight at room temperature. The mixture was filtered by celite, and then extracted with AcOEt (30 ml). The organic layer was washed with brine (30 mlϫ2), dried over MgSO 4 and evaporated in vacuo to leave an oil. The residue was purified by HPLC (hexane : AcOEtϭ7 : 1) to give 1a or 1b (7.5-9.6 mg, 58.1-74.5%, retention timeϭ12.4 min) as an oil.
Acetylation of Diastereomeric Mixture (3a or b) at C-3 of Panaxydiol with Lipase (CHIRAZYME L-2, C3) The reaction was carried out in a similar manner as described in acetylation of diastereomeric mixture at C-3 of panaxydol with lipase. 3a-Ac or 3b-Ac (20.5-20.1 mg, 40.3-39.5%,  retention timeϭ10.0 min) and 3a؆ or 3b؆ (18.0-19.8 mg, 40.0-44 .0%, retention timeϭ20.6 min). 3a-Ac, 3b-Ac: 1 Hydrolysis of 3a-Ac or 3b-Ac with Lipase (CHIRAZYME L-2, C2) The reaction was carried out in a similar manner as described in hydrolysis of 1a-Ac or 3b-Ac with lipase. (2H, m) .
MTPA Ester of Panaxydol Isomers
The MTPA Esters of Panaxydiol Isomers The MTPA esters were prepared according to the method described in the synthesis of MTPA esters of panaxydol isomers.
